The growth line of shells showing yearly and daily periodicities of deposition is a useful characteristic for reconstructing prehistoric seasonality of shell gathering. For such investigations, basic studies in recent molluscs are required. This report discusses the results of vital staining and planting (16 days) of the clam, Meretrix lusoria. In the scanning electron photomicrographs, growth lines of variable thickness were observed. They were classified into 5 types (A-E) according to the combination of the thicknesses along the surface of maximum growth (*3u, <1*), and those in the "inner zone" of outer layer (* 1*,<1* ). Among them there were 2 categories: the growth line of the primary order (Types A and B) well discernible in the "inner zone" and more or less conspicuous at the surface of maximum growth, and the secondary one (Types C-E) barely visible or invisible in the "inner zone" and fainter at the surface of maximum growth.
INTRODUCTION
) and of animal teeth (SAXON and HIGHAM, 1969 However, as RUNCORN (1968) pointed out, application of these data to geological as well as prehistorical estimations requires basic studies of the daily and tidal formations of growth lines in living materials. A modern bivalve, Mereenaria mercenaria, showed the same number of growth increments as of days from marking to killing (PANNELLA and MacCLIN-TOCK, 1968) . HOUSE and FARROW (1968) compared the variation of daily growth increments with tidal and weather records.
In this report, the daily formation of growth lines was studied with experimental method, in order to establish a sound base for the seasonal dating of shell gathering. alizarin red S has been used in the vital staining of both vertebrate bone and molluscan shell, and no striking inhibition of growth after staining was reported (HUDI and HANKS, 1968 -CLINTOCK, 1967: 19-27; KOBAYASHI, 1971: 37-38) . Crossed lamellae run intersecting to the growth lines, and show a fountain In order to examine the variation in thicknesses of growth lines both along the surface of maximum growth and in the "inner zone" , these which are thicker than l,u were measured on the electron photo-micrograpshs of 2 specimens under a measuring microscope. The rest of the lines which were poorly visible were counted up indiscriminately as those less than l*.
A frequency distribution for the thickness of growth lines measured along the surface of maximum growth ( Fig. 3-A) showed 3 modes at 3.5-4.O*, 2.5-3.Op and less than l*. Therefore, growth lines fell into 3 groups -those greater than 3,u, those between 3 and l*, and those less than loc.
Within the "inner zone ", some of the growth lines which were visible and measured along the surface of maximum growth, vanished from the sight, and consequently, they were counted' up as invisible ones. Thicknesses of growth lines in the "inner zone" (Fig. 3-B ) showed a bimodal distribution having 2 peaks at 2.0-2.5* and 0* (invisible). Therefore, growth lines in the "inner zone" were divided into 2 groups-those greater than l* and those barely visible (less than 1*) plus invisible ones (O*). Based on the result of measurement in the "inner zone ", growth lines greater than l* in this zone were taken up and the thickness of them at the surface of maximum growth were shown in Fig. 3 Consequently, growth lines at the surface of maximum growth can be divided into those greater than 3*, 3 to l*, and less than 1*. In the "inner zone" of outer layer, growth lines can be assorted into those greater than l*, and less than l*.
The combination of these 3 categories at the surface of maximum growth and 2 categories in the "inner zone" are ought to be 6, but such a combination that less than 1* at the surface of maximum growth and yet greater than 1* in the "inner zone" cannot actually be found .
Therefore, only 5 types of growth lines could be recognized, and they were indicated as the Types A to E (Table 1) . is separated into the distributios of growth lines which are greater than 1µ in the "inner zone" (C) and that of less than 1fi or invisible in the "inner zone" (D) .
Ordinate:
Numbers of growth lines.
Abscissa: Thickness of growth line. mum growth of all the measured growth lines ( Fig. 3-A) had trimodal distribution.
However, it can be known that the 2 nd mode at 2.5-3.0 i in Fig. 3 -A seems to be a deceptive peak cumulated of tails of is also conspicuous at the surface of maximum growth, but barely visible or invisjble in the "inner zone ". Some of growth In this investigation, the frequencies of 5 types of growth lines (Type A-E) were examined in each of the 38 specimens, during 16 days from the second staining to killing (see Table 3 ). As mentioned already, the numbers of the Type A, which is conspicuous at the surface of maximum growth (*3*), and well discernible in the inner zone" of outer layer (*1*), were 16 in the 2/3 of the specimens, and, in the remaining 1/3, they were 15 in the greater half and ranged from 14 to 11 in the rest.
On the other hand, the numbers of the Type B which is well discernible in the "inner zone" (*1*) as the Type A , but less conspicuous at the surface of maxi- PANNELLA and MacCLINTOCK (1968) also noted the mode of appearence of growth lines in the peripheral part of the outer layer.
According to them, the daily growth increments were completely reflected outer surface of the shell, and the only major lines were visible in the "homogeneous" layer .
Discriminating 2 different categories of the thickness in the "inner zone" well discernible (*l*) and barely discernible (<l*), frequency histogram of thickness at the surface of maximum growth can be depicted separately (see Fig. 3-C, D) . In the histogram for the latter group (Fig. 3-D) , the Type C is recognized as the thicker The 2 kinds of increments form marked patterns with a 14-day periodicity. A similar complex increment is also observed in a cockle, Clinocardium nuttalli, (EvANS, 1972) . These 2 growth lines in a complex increment were said to correspond with 2 exposures in a day during neap tides, and growth lines are considered to be tidal in nature, produced due to the exposure at low tide. The clam examined in this study produced regularly a growth line of the primary order per day, even when they are not exposed during the neap tide. In other subtidal bivalves, daily formation of growth lines is also observed (HOUSE and FALLOW, 1968) . Therefore at least some of growth lines are produced in relation to the diurnal periodicity of the animal, and in addition to this, some It might be able to assume that the " zonule " is formed in accordance with cyclic shell deposition.
They would be considered to be more or less different in nature from the growth lines of both primary and secondary orders.
SUMMARY
To investigate the periodical formation of growth lines, the vital staining and planting of the clam, Meretrix lusoyia, was carried out on a tidal flat in the Ariake Sea in western Kyushu, on July 9, 1971. The marked shells were collected 16 days after the staining, on July 25.
In spite of a short period of immersion, a well marked, red striation along a growth line indicated the initial date of emplantation properly. No striking inhibition by the staining was recognized, except a slight deformation of growth lines for only 1 to 3 days just after the staining.
In the innerpart of the outer layer of the shell, a slightly different zone, which is called the "inner zone" in this paper, was observed, where curved growth lines become straight and change their direction more or less parallel to the inner shell surface.
The thicknesses of growth lines were measured on scanning electron photomicrographs under a measuring microscope. The thickness along the surface of maximum growth showed a trimodal distribution, and fell into 3 groups (*3*,3*1*, <l*), on the other hand, the thickness in the "inner zone" had a bimodal distribution and was divided into 2 groups (*1* <1*).
Based on these data, growth lines were classified into 5 types (the Type A : *3* at the surface of maximum growth, and in the "inner zone "; the Type B : 1~*,*1* the Type C :3~*, <*;
the But the thinner lines are annexed in a half way to the "inner zone ", so these adjoining lines were not measured or counted separately.
